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Prelace 


This  is  the  second  interim  report  published  by  the  U.  S.  Army  T-agi- 
neer  Waterways  Experiment  Station  on  the  study,  Hoods  Resulting  from  sud¬ 
denly  Breached  Dams;  it  describes  briefly  the  test  procedures  and  summa¬ 
rizes  the  test  results  obtained  from  breaching  (to  various  degrees) 
simulated  dams  that  were  situated  at  mid-length  of  a  ^CO-ft  flume.  For 
these  tests,  artificial  roughness  was  added  to  the  side1  ar.4  bottom  of  one 
flume  to  achieve  a  high  resistance  to  flow. 

The  tests  reported  herein  were  conducted  during  the  period  July  to 
December  195&,  under  the  general  super 'is ion  of  Messrs.  E.  l!.  Fort son,  Jr., 
and  F.  R.  Brown.  Mr.  G.  L.  Arbuthnot,  Jr.,  assisted  by  Mi-.  J.  N.  Strange, 
was  directly  in  charge  of  the  study.  Operation  of  the  model,  data  analysis, 
and  correlation  of  the  test  results  were  accomplished  b;  the  following  per¬ 
sonnel:  SP-h  T-  Schmidgall,  SP-4  N.  J.  Ferrell,  SP-5  R-  P-  Andrew,  Mr.  S. 

H.  Halper,  and  Mr.  G.  A.  Wilkerson.  This  report  was  prepared  by  SP-1' 
Schmidgall  and  Mr.  Strange. 

The  consultative  services  of  Drs.  G.  H.  Keulegan,  R.  F.  Dressier, 

H.  Rouse,  and  A.  T.  Ippen,  and  Messrs.  R.  L.  Irwin  and  F.  B.  Earkalow  are 
gratefully  acknowledged. 

Colonels  A.  P.  Rollins,  Jr.,  CE,  and  Edmund  H.  Lang,  CE,  were  Direc¬ 
tors  of  the  Waterways  Experiment  Station  during  the  testing  phase  and 
during  the  preparation  of  this  report.  Mr.  J.  B.  Tiffany  was  Technical 
Director. 
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.-  «rea  of  flow. 


sq  it 


I>0  Vertical  Ixstau c*e  from  criminal  water  surface  to  hotter,  of  brea* 
(depth  of  breach),  ft 

r  Acceleration  of  gravity,  22. 2  ft/oec- 

n  Manning's  coefficient  of  roughness,  sec/ft-5--^ 

Discharge  at  dan,  cu  ft/sec 

iv.  Base  flew  discharge,  ca  ft/sec 

Qd  Discharge  at  station  downstream  of  dam,  cu  it /see 

•cna:-:  ftaxiroum  discharge  at  dam,  cu  ft/sec 

t  Time  after  breach,  sec 

ta  Arrival  time  of  negative  or  positive  wave,  sac 
v  Velocity  of  flow  (average  ),  ft/ see 
V+b  Volume  of  reservoir  above  breach  level,  cu  ft 
Wb  Uidth  of  breach  at  original  water  surface,  ft 
Wj  i-.'idth  of  dam  at  original  water  surface,  ft 
Xd  Distance  downstream  from  dam,  ft 
Xu  Distance  upstream  from  dam,  ft 
y  Depth  of  water,  ft 

y^  Depth  of  water  (stage)  downstream  from  dam,  ft 
Y0  rept-b  of  water  at  the  dam  before  breach,  ft 


Th-  purpose  cf  inis  sc 
from.  suddenly  creac"  &  isms, 
i'.srr*  tyircrraphs  scSL  it  a. 
d-sss.  It  Is  planned  to  are 


Jy,  ti-tf  second  dealing  with  five  Is  result  lug 
-as  to  ; stain  experimentally  sfcr-j.-  ar-i 
.1  -icvnstresm  cT  simulated,  snddsniy  hreac.  .d 
:LIs  in?«maticn,  along  with  the  results  re¬ 


ported  in  the  first  report  si"  this  scries,  to  publish  a 
will  extend  current  theoretical  at pro ashes  and  will  als« 
oiiltv  cf  analytical  nethcds  which  have  been  developed  1 
nitude  of  dan-breach  floods  order  full-scale  conditions 


'i:.ai  report,  which 
as-ess  the  relia- 
■  predict  the  mag- 


ice  experimental  tests  *.*exc  conducted  in  the  -iuO-it-lcup  rectangular 
flune  already  described  in  the  first  report.  Hxrfsxa  strips  wave  added 
to  the  flune  floor  and  sides  to  previa**  a  considerably  rougher  channel  than 
that  used  in  the  first  series  of  tests  (Manning's  "a"  varioi  ircr  0.C4  for 
a  unifom  depth  of  flow  equal  to  0.7  ft  to  0.12  for  a  unifom  depth  of  fits.* 
equal  to  0.15  ft  in  the  second  series  oapared  to  n  -  0.C09  in  the  first 
series).  An  experimental  program  was  conducted  under  conditions  of  ~ero 
base  flew,  involving  S  of  the  12  test  conditions  used  it.  the  first  test 
series.  Five  test  conditions,  having  the  same  breach  oiues  as  in  the  first 
test  series,  were  tested  using  the  some  two  base  flows  used  in  the  first 
test  series. 


As  in  the  first  test  series,  observations  of  stage  versus  time  were 
made  for  each  test  condition  at  recording  stations  upstream  from  the  dam, 
at  the  dam,  and  downstream  from  the  dam.  Velocity  versus  time  observations 
were  made  at  recording  stations  downstream  from  the  dam.  From  these  rec¬ 
ords,  discharge -time  hydrographs  were  calculated  for  flow  through  the 
breach  and  at  selected  stations  downstream. 

Several  changes  made  in  the-  methods  of  obtaining  test  data  proved 
advantageous  over  the  methods  used  previously  in  the  first  test  series. 

As  a  result  of  these  tests,  conclusions  were  reached  regarding  the 
maximum  flow  through  a  given  breach,  the  maximum  st-a.-  '  at  the  breach  and 
at  stations  downstream  from  the  dam,  the  propagation  of  the  negative  wave 
up  the  reservoir,  and  the  shape,  vel^-ity,  and  propagation  of  the  positive 
flood  wave  downstream  for  a  channel  of  high  resistance  to  flow.  Those 
results  are  discussed  in  the  narration  ana  are  compared  in  ar*.  y  ~f  the  fata 
plots  with  the  results  previously  reported  in  the  first  ~e:-ort. 
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1.  Si  fi:ci-«"ve  isz-i.-»  r.-riltinj  fire  the  felik-rstc  br2?c’.ilngs  of 
the  Kshue  sad  Eier  Dsns  during  V.'crld  I-rar  II  demonstrates  the  tremendous 
destructive  forces  of  a  suddenly  released,  uncentrel—c  i  ile.-d  nave.  Ferfci- 
r.er.t  dimensions  of  these  artifically  created  floods  are  given  in  table  16. 
If  a  method  of  estimating  z:.~  depth,  duration,  and  magnitude  of  such  flood 
waves  could  be  developed,  it  be  possible  to  initiate  countermeasures 

oo  alleviate  or  obviate  sere  c-f  one  damaging  effei+s. 


Pdrpc.se  -and  Scope  of  Investigation* 


2.  The  purpose  of  this,  the  second  series  of  model  tests  on  floods 
resulting  from  suddenly  breached  dams,  was  to  provide  quantitative  data  for 
determining  the  change  in  magnitude  and  character  of  the  flood  wave  with 
the  roughness  of  the  channel  substantially  increased  above  that  used  in  the 
first  test  series  where  n  =  0.C09*  To  accomplish  this  purpose,  stage  and 
discharge  hydrographs  were  determined  at  selected  stations  above,  at,  and 
below  the  breached  model  dam.  Frcra  interpretation  of  these  data,  an  evalu¬ 
ation  of  the  flood  wave  as  a  function  of  time  was  possible. 

Adjustment  and  Calibration  of  Flume* 


Revision  of  model  dams 

3.  Because  of  the  difficulty  encountered  in  maintaining  a  watertight 
seal  at  the  dam  during  the  first  series  of  tests  and  also  the  difficulty  of 
maintaining  true  position  of  the  remaining  portions  of  the  dam  after  breach. 


*  For  a  more  detailed  description  of  the  history,  purpose,  scope,  tc?+  4,0 
ciliti.es,  and  procedures,  please  refer  to  Report  No.  1  (reference  15). 


the  dam  seating  section  was  redesigned.  Aluminum  ancles  and  planes  were 
used  tc  fora  a  narrow  grooved  section  across  the  flume  'tcit-cm  ss  well  as  up 
the  flare  sides.  An  aluminum-plate  tongue,  attached  to  the  upstream  face 
of  the  dam,  fitted  smoothly  into  the  groove  without  altering  the  hydraulic 
characteristics  of  the  breach.  Fig.  1  shows  the  section  and  the  modal  dam 
used  in  simulating  a  total  breach  (removal  of  entire  dan,  test  ccmditi. _ 
1.2).  Other  than  for  the  revision  just  described,  the  test  facilities  cur- 

lex 

ing  this  series  of  tests  were  the  same  as  for  the  first  test  series. — ' 


Fig.  1.  Flume  at  sta  200  (location  of  simulated  da..) 
showing  roughness  strips  in  place 


Slope  and  alignment  of  flume 

4.  Before  the  second  test  series  was  begun,  the  slope  of  the  bottom 

*  Raised  numerals  refer  to  similarly  numbered  items  in  the  List  of 
References. 
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and  al  igmen  of  the  sidewalls  were 
cheeked.  levels  were  tehee  at  i-ft 
intervals  along  the  entire  length  of 
the  flume  at  the  base  of  each  side- 
wall  and  along  the  center  line- 
Periodic  checks  of  the  slope  and 
alignment  were  continued  during  the 
testing  operations  to  ensure  that 
both  were  within  the  permissible 

1C 

toierances  established  previously.  7 
Calibration  of  roughness 

5-  The  first  series  of 
tests-'*  represented  the  smoothest 
flow  conditions  that  were  easily  at¬ 
tainable  (Manning : s  n  ~  0.C09).  For 
the  tests  reported  herein,  roughness 
was  added  to  the  bottom  and  sides  of 
the  flume.  After  experimenting  with 
several  schemes  of  roughening  the 
flume,  aluminum  angles  (3/4  by  3/4 
in.)  with  one  leg  tacked  tc  the 


flume  floor  and  side  were  found  to  „  „  .  ,  .  „  ,  . 

Fig.  2.  Variation  ox  Manning's  n  ana 

be  acceptable.  The  other  leg  of  the  discharge  with  depth  of  flow 
angle  extended  into  the  flow  region,  providing  th<-  vsistance  to  flow.  The 
angles  were  cut  and  shaped  from  22-gage  aluminum  sheets  and  were  fastened 
at  6-in.  intervals  across  the  bottom  and  1  ft  up  e?  i.  flume  vail.  Fig.  1 
shows  the  roughness  strips  in  place.  Fig.  2  shows  how  the  flume  roughness 
and  discharge  varied  with  depth  of  flow  (these  curves  were  obtained  under 


conditions  of  uniiorra  flow). 


Test  Conditions 


Ncnbase-flow  tests 

6.  A  review  of  the  nonbase-flow  test  results  obtained  in  the  first 
test  series  revealed  that  the  two  smallest  partial  width-full  depth  test 


conditions  and  the-  two  smallest  partial  death-foil  width  test  condit'^ra 
could  he  emitted  without  jeopardising  or  substantially  iecreasin.5  the  value 
of  the  test  results.  Consequently  :-.ese  four  test  conations  were  emitted 
frem  the  second  test  series;  che  remaining  eight  conditions  are  described 
below.  In  the  first  column  of  the  tabulation,  the  whole  number  refers 
to  the  test  condition  (breach  pattern  and  orientation),  which  is  the 
same  as  similarly  numbered  tests  of  the  first  series,  wnile  the  deeimau 
refers  to  ore  number  of  the  tecs  series  and/or  the  roughness  condition. 


I’onbase-Flcv  Test  Conditions 


Test 

Width  of 

Depth  of 

\ 

T.T 

n 

0 

Y 

$ 

w.  n 

—  X~ 
W .  x  v 
d  O 

Condition  Ho. 

Breach,  ft 

Breach,  ft 

a 

1.2 

4.00 

i.C-i 

1.00 

1.00 

1.00 

2.2 

A  t. 

*  ****s 

—  *  w 

0.60 

1.C0 

0.6c 

3-2 

1.20 

1.00 

0-30 

1.00 

0.30 

4.2 

0.60 

1.00 

0.15 

1.00 

0.15 

7.2 

4.  CO 

0.60 

1.00 

0.60 

0.60 

8.2 

4. CO 

0.30 

1.00 

0.30 

0.30 

11.2 

2.40 

0.60 

0.60 

0.60 

0.36 

12.2 

1.20 

0.30 

0-30 

0,30 

r\  nn 

v»  •  \jy 

Ease-flow  tests 

7-  The  base-flow  test  conditions  including  base-flow  discharges  for 
the  tests  described  in  this  report  were  the  same  as  those  used  in  the  first 
series.  The  added  roughness,  however,  increased  the  case-flow  depth  from 
0.1  to  0.32  ft  for  the  1.0-cu-ft-per-seu  discharge  and  from  0.2  to  O.Jjt 
ft  for  the  3 • 07-cu-fi -per-sec  discharge.  The  five  base-flow  test  condi¬ 
tions  were  therefore  designated  as  follows:  1-2(32),  2-2(32), 

2.2(56),  and  3-2(32).  Fig.  3  pertains  to  test  condition  3*2(32).  Fig.  3a 
shows  the  model  dam  in  place  (except  for  breach  section).  Note  that  space 
is  provided  beneath  the  dam  to  permit  passage  of  the  base  flow.  The  flow 
conditions  before  breach  are  shown  in  fig.  3b,  and  those  shortly  after 
breach  in  fig.  3c* 


Dim  in  plies  (except  for 
breach  section) 


c.  Base  flov  before  breach 


c.  Flow  conditions  shortly 
after  oreach 

Fig.  3-  Breach  pattern  for  test  condition  3*2  (32) 
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Changes  in  Methods  of  Recording  Stage  Versus  Time  Data 

8.  The  measurements  of  stage  versus  time  were  obtained  in  essen¬ 
tially  the  same  manner  as  in  the  first  series  of  tests;  however,  several 
innovations  were  adopted  to  improve  and  accelerate  the  data-recording  proc¬ 
ess.  First,  a  standard  set  of  recording  stations  along  the  flume  was 
adopted  for  all  test  conditions,  namely:  stations  40,  TO,  100,  120,  l40, 
150,  l6o,  172,  ISO,  186,  150,  19k,  196,  198,  199,  200,  225,  280,  and  350- 
Second,  the  number  of  notion  picture  cameras  in  operation  during  testing 
was  increased  from  four  to  six.  With  this  increase,  cniv  three  or  four 
test  runs  were  required  to  complete  fce&Mng  of  a  given  test  condition. 

Third,  a  standard  designed  staff  gage  was  used  for  all  stage  measurements - 
These  gages  were  mounted  on  individual  wooden  beams  which  rested  on  the 
sidewalls  of  the  flume,  making  them  eas_ ly  portable  from  station  to  sta¬ 
tion.  Fourth,  notches  were  cut  through  the  sidewalls  of  the  flume  an  the 

stations  farthest  up¬ 
stream  from  the  dam  in 
order  to  place  the  cam¬ 
eras  nearer  the  staff 
gages.  The  closer  expo- 

cure  nomp’+tod  mr\v»c» 

- - w  v*VVVk 

rate  interpretation  of 
the  stage  records.  Fig. 

4  shows  the  improved 
method  of  camera  st-ation- 
ir T.  Finally,  Kodachrome 
color  film  was  used  ru 
the  cameras  to  provide  a 
sharper  d.efj  r  lion  01 
the  water  surface.  This 
reduced  significantly 
the  time  involved  in 
reading  the  film  record 
from  each  of  the  record¬ 
ing  stations. 


Fig.  4.  Camera,  staffs,  and  clock  arrangement 
for  recording  stage  versus  time 
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Determining  the  Discharge-Time  Kydrograpbs 


At  the  dam 

9-  Nonbase-flow  tests.  The  discharge-time  hydrographs  at  the  dam 
were  computed  in  the  same  manner  as  for  the  first  series  of  tests.  The 
stage-time  data  (tables  1-8)  were  used  to  plot  reservoir  station-stage  ,  .0- 
’iles  at  selected  times  for  each  test  condition.  Plate  1  illustrates  these 
profiles  for  test  condition  1.2.  The  area  between  the  stage  profile  at 
time  t  and  the  profile  at  t  =  0  (before  breach)  when  multiplied  by  the 
flume  width  determines  the  total  outflow  volume  up  until  time  t  .  Plate  2 
is  a  plot  of  the  total  volume  of  outflow  00  a  function  of  time  for  test 
condition  1.2.  The  discharge-time  hydrographs  were  determined,  by  numeri¬ 
cally  differentiating  the  volume-time  curves. 

10.  Base-flow  tests.  As  in  the  nonbase-flow  tests,  the  stage-time 
data  (tables  9-3-3)  were  used  to  plot  station-stage  profiles  for  selected 
times  (plate  3)  and  then  were  converted  to  .olume  of  outflow  versus  time 
curves  as  described  in  paragraph  9*  Differentiating  the  volume  of  outflow 
versus  time  curves  gave  discharge  versus  time  data.  In  these  tests,  the 
total  volume  of  water  flowing  past  the  dam  at  any  time  was  the  sum  of  the 
base-flow  volume  and  the  reservoir-outflow  volume.  Plate  h  shows  the 
corresponding  reservoir-outflow  volume,  the  base-flow  volume,  and  the  sum 
of  these  two,  which  is  the  total  outflow  past  the  dam  for  test  condition 
1.2(32). 

Downstream  from  the  dam 

11.  Discharge  hydrographs  for  stations  downstream  from  the  dam  were 
determined  from  the  relation, 


The  cross-sectional  area  A  was  computed  by  multiplying  the  stage 
by  the  flume  width.  The  average  velocity  v  was  obtained  from  the 
surface  velocity  measurements  which  were  made  at  s'ca  225,  280,  and 
350  for  all  test  conditions.  They  were  obtained  by  photographing  and 
measuring  the  traces  made  by  confetti  sprinkled  over  the  water  surface. 
The  camera,  grid  reference,  and  time,  arrangement  used  to  obtain 


Fig.  5.  Camera  setup  for  determining  the  stage  and  discharge 
hydrographs  at  stations  downstream  from  the  dam 

simultaneously  all  pertinent  measurements  necessary  for  determining  the 
discharge-time  hydrographs  are  snown  in  fig.  5* 

12.  In  the  first  series  of  tests,  the  flume  roughness  va..  relatively 
low  and  remained  essentially  constant  wi oh  variations  ir.  tne  depth  of  flow. 
Consequently,  the  ratio  of  average  velocity  to  the  surface  velocity  also 
remained  constant  with  variations  in  depth  of  flow.  The  flume  roughness  in 
the  second  series  of  tests  was  highly  sensitive  to  depth  of  flow.  Hence, 
the  relation  of  average  velocity  to  surface  velocity  was  determined  under 
conditions  of  uniform  flow  for  several  depths  of  flow.  The  average 
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Fig.  6.  Surface  and  average 
velocities  as  a  function  of 
stage  (uniform  flow  condi¬ 
tions) 


Fig.  7*  Velocity  correction 
factor  as  a  function  of 
stage  (uniform  flow  condi¬ 
tions) 


velocities  were  calculated  irora  the  weir  discharges  and  flow  cross  sections 
using  the  relation  v  =  q/a  .  These  velocities  were  then  compared  with  the 
surface  velocities  for  corresponding  stage  and  discharge  settings.  Fig-  6 
shows  the  two  velocity-stage  curves  so  determined,  and  from  these  two 
curves,  a  velocity  ratio  (average  velocity/surface  velocity)  was  determined 
as  a  function  of  stage. 

13-  Fig.  7  is  a  plot  of  the  velocity  ratio  versus  stage.  To  apply 
the  correction  factor,  both  the  stage  and  surface  velocity  were  determined 
for  a  given  time,  t  .  The  average  velocity  used  in  computing  the  discharge 
was  then  determined  from: 

Average  velocity  =  surface  velocity  x  velocity  aatio 

Inasmuch  as  the  velocity  ratio  was  established  under  conditions  of  steady 
flow,  its  use  for  computing  discharge  for  actual  tests  (unsteady  flow  condi¬ 
tions)  may  involve  some  error.  However,  it  is  believed  that  the  method  pro¬ 
vides  a  means  of  assessing  the  discharge  at  downstream  stations  to  a  satis¬ 
factory  degree  of  accuracy. 
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Test  Results  and  Discussion 


Stage -time  hydrographs, 
nonbase-flow  tests 

14.  The  stage-time  data  for  all  recording  stations  involved  in  'he 
nonbase -flow  test  conditions  are  presented  in  tables  l-o.  Similar  aaua  for 
the  base-flow  tests  are  presented  in  tables  9-13-  The  stage-time  h/dro- 
graphs  for  these  same  tests  are  shorn  in  plates  5-56.  Examination  of  the 
stage-time  data  indicates  that  the  minimum  stage  recorded  for  anv  test  was 
0.06  ft.  This  is  true  because  th'c  stage  corresponds  to  the  top  elevation 
of  the  outstanding  leg  of  the  roughness  strips;  hence,  for  all  practical 
purposes,  flow  ceased  for  the  nonbase-flow  tests  at  a  stage  of  0.06  ft. 

Since  after  each  test  water  was  impounded  by  the  roughness  strips  to  a 
depth  equal  to  0.06  ft,  all  nonbase -flow  tests  were  performed  under  these 
wet-flume  conditions  in  order  to  be  consistent. 

15.  At  the  dam.  The  variation  in  the  depth  of  flow  with  time  at  the 
dam  (sta  200)  for  each  breach  condition  tested  is  shown  in  plates  8,  12,  l6, 
20,  2b,  28,  32,  and  36.  As  was  true  in  the  first  test  series,  the  sc age  at 
the  dam  dropped  immediately  to  approximately  0.5  ft  when  the  entire  dam  was 
removed  (plate  8).  Then  as  time  increased,  the  stage  (at  sta  200)  gradu¬ 
ally  decreased.  These  results  verify  the  work  of  St.  Venant'L  and 
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Schoklitsch  who  concluded  that  the  depth  of  flow  immediatexy  after 
removal  of  the  entire  dam  will  equal  4/9  to  l/2  of  its  depth  before  removal. 
From  the  stage- time  hydrographs  of  the  stations  just  upstream  from  the  dam, 
a  small  dip  and  recovery  of  stage  immediately  after  the  breach  are  apparent. 
A  satisfactory  explanation  for  this  behavior  was  noc  ueveloped.  It  may  be 
the  result  of  vertical  velocity  'umpouents  immediately  upstream  of  the  dam 
seeking  and  reaching  equilibrium  after  a  momentary  overshoot 

16.  Plates  57  and  58  illustrate  the  effect  of  w.;  breach  size  on  the 
stage  at  the  lam.  for  various  times  after  dam  breach.  Plate  57  illustrates 
this  effect  for  test  conditions  1.2  through  4.2  which  are  partial  width- 
full  depth  breaches  ( B-d/yo  =  1-°J  wt>/wd  “  1*°).>  while  plate  58  shows  the 
same  effect  for  test  conditions  1.2,  7-2,  and  8.2  which  are  partial  depth- 
full  width  breaches  (D^/Yq  ^  1.0;  %/%  =  1.0).  Both  of  these  plates  com¬ 
pare  the  results  of  this  test  series  wita  those  obtained  in  the  first  test 
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series  and  indicate  that  ti'e  larger  the  breach  size,  the  more  effective  is 
the  roughness  in  slowing  the  rate  f  decrease  of  depth  at  the  dam  as  t 
becomes  increasingly  large.  For  small  values  of  t  (let  t  approach 
zero),  there  is  little  or  no  difference  in  stage  levels  at  the  dam  between 
the  first  and  second  test  series.  This  implies  convincingly  that  fc  simi¬ 
lar  breach  conditions  the  maximum  stage  immediately  af cer  breach  is  uninflu¬ 
enced  by  roughness  effects  so  long  as  free  flow  exists,  i.e.  no  tailwater 
effect.  Plates  57  and  58  may  be  used  to  estimate  the  stage  at  the  dam  as  a 
function  of  time  after  breach  for  any  size  of  partial  width-full  depth  or 
partial  depth-full  width  breach. 

17.  Downstream  from  the  dam.  For  the  nonbase-flow  tests,  the  down¬ 
stream  hydrograph  commenced  with  the  arrival  of  the  positive  wave  (flood 
wave)  at  the  particular  station  being  monitored.  In  general,  the  flood 
wave  was  steep-fronted  in  shape  and  progressively  decreased  in  depth  with 
time  (no  appreciable  oscillations  were  noted  in  the  flood-wave  shape).  For 
every  test  condition,  the  maximum  observed  depth  of  the  flood  wave  de¬ 
creased  as  it  moved  downstream.  Also,  the  time  interval  between  the  flood 
wave's  arrival  and  its  peak  stage  continually  increased  with  distance  down¬ 
stream  from  the  dam.  Fig.  8  is 
a  dimensionless  plot  of  the 
peak  stages  recorded  at  sta  350 
as  a  function  of  breach  size 
for  both  the  first  and  second 
series  of  tests.  The  data  fall 
on  three  distinct  curves  which 
represent  the  three  breach  re¬ 
gimes,  viz.  partial  depth-full 
width,  partial  width-full  depth, 
and  partial  depth-partial  width. 

18.  Although  the  data 
for  either  test  series  are  not 
altogether  conclusive,  there  ex¬ 
ists  a  rather  definite  trend  for 
the  flood  wave  fco  reach  a  degree 
of  stability  by  the  time  it  has 
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Fig.  8.  Dimensionless  plot  of  maximum 
downstream  stage  (sta  350)  as  a  func¬ 
tion  of  breach  size  (nonbase-flow 
tests)  and  shape 
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traveled  a  distance  downstream  equivalent  to  approximately  100  YQ  .  The 
information  shown  in  fig.  8  can  ther-  fore  he  used  to  es-.  imale  the  height  of 
the  maximum  flood  wave  that  might  be  expected  at  stations  farther  down¬ 
stream  (Xd  ~  350)-  The  figure  also  establishes  approximate  limits  for  the 
maximum  depth  of  the  flood  wave  for  riverbeds  whose  slopes  approximate 
0.005.  When  roughness  is  very  low  (channel  is  smooth  and  straight;,  che 
maximum  depth  of  the  flood  wave  at  considerable  distances  downstream  will 
approximate  0.25  Y0  J  when  the  channel  exhibits  considerable  roughness,  the 
maximum  stage  will  approximate  0.4  vQ  .  These  observations  apply  when  the 
entire  dam  is  removed  instantaneously.  Should  the  downstream  channel  di¬ 
verge  yet  remain  essentially  straight,  tne  flood  wave  woulo.  likely  be  char¬ 
acterized  by  a  more  gradual  rice  and  would  have  a  lesser  maximum  depth  than 
predicted.  Conversely,  should  the  channel  converge  and/or  meander,  the 
flood  wave  would  likely  have  a  steeper  iront  and  a  greater  maximum  depth 
than  might  be  predicted  from  the  above  results. 

19  Comparison  of  the  nonbase-flow  stage-time  hydrographs  obtained 
in  these  tests  for  stations  downstream  of  the  dam  with  those  obtained  in 
the  first  series  shows  that:  (a)  the  flood  wave  traveled  downstream  \nder 
conditions  of  supercritical  flow  in  the  first  series  and  at  suborit-'cal 
flow  in  the  second,  (b)  for  the  same  breach  size  and  at  the  same  downstream 
station,  the  peak  stages  were  always  greater  in  the  second  series  than  in 
the  first,  and  (c)  for  the  same  breach  size  and  at  the  same  downstream  sta¬ 
tion,  the  of  time  between  the  flood-wave  arrival  and  the  peak  stage 

was  greater  in  the  second  test  series  than  in  the  first. 

Stage -time  hydrographs , 
base-fi-'w  tests 

20.  The  delineatic:  of 
various  base-flow  term.' no 
gies  ic  in  fig.  9* 

The  water -surface  profile  for 
all  test  conditions  prior  to 
actual  breaching  is  defined 
by  AECFG.  Likewise,  the  fi¬ 
nal  water- surface  profile  for 
full  breaches  is  defined  by 
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Fig.  9.  2c nematic  diagram  of 
water-surface  profiles,  before 
and  after  breach,  for  base- 
flow  test  conditions 
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AG  and  for  partial  breaches  by  ADEFG-  The  discharges  used  in  the  formation 
of  the  base  flows  were  the  same  for  both  test  series.  The  tabulation  below 
presents  the  discharges  used  and  the  respective  base  flow  depths  for  each 
test  series: 

Base  Flow  Base  Flow  Depth,  ft 

Discharge,  cu  ft/sec  First  Series  Second  Series 

1.00  0.1  0.32 

3-07  0.2  0.56 

21.  At  the  dam.  The  influence  of  the  base  flows  on  the  stage-time 
histories  at  the  dam  was  nor.  appreciable,  as  shown  iu  plates  39 >  *3,  liT,  ?-> 
and  55*  Generally  the  stage  immediate../  after  the  breach  was  about  the 
same  as  in  the  nonbase-flow  tests.  At  later  times,  however,  the  stage  at 
the  dam  was,  as  might  be  expected,  greater  than  in  the  nonbase-flow  tests. 

22.  Downstream  from  the  dam.  S^age-time  hydrographs  for  the  base 
flows  downstream  of  the  dam  are  shown  in  plates  40,  44,  48,  52,  and  56- 
The  shape  of  the  flood-wave  front  was  similar  to  the  shapes  noted  during 
the  nonbase-flow  tests,  i.e.  a  rather  abrupt  rise  to  the  peak  stage  fol¬ 
lowed  by  a  gradual  decrease  in  the  depth  of  flow.  With  increase  in  down¬ 
stream  distance  from  the  dam,  stages  decreased  and  the  time  interval  be¬ 
tween  the  flood-wave  arrival  and  the  peak  stage  increased  for  every  test 
condition.  nj.ouj  in  uvwy 
case,  the  flood-wave  duration 
was  longer  in  the  second  test 
series  than  in  the  first. 

Fig.  10  shows,  by  dimension¬ 
less  plot,  the  maximum  down¬ 
stream  stages  observed  at  sta 
350  for  the  base-flow  test 
conditions,  and  compares  th„ 
maximum  stages  observed  at 
sta  350  for  both  test  series. 

Discharge-time 
hydrographs  at  the  dam 

23-  Monbase-flow  tests. 

The  discharge -time  hydrographs 
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Fig.  10.  Dimensionless  plot  of  maximum 
downstream  stage  (sta  350)  as  a  function 
of  breach  size  (base-flow  tssts; 


at  the  d.ani  for  the  nonbase -flow  test  conditions  are  she™  in  plates  59 
and  60.  The  maximum  discharges  in  r'l  tests  occurred  au  the  instant  of 
dam  release.  Comparison  of  these  maximum  discharges  shows  the  effect 
of  breach  size  on  the  maximum  discharge.  The  following  tabulation  pre¬ 
sents  a  comparison  of  the  experimentally  obtained  peak  discharges  for 

both  the  first  and  second  test  series  with  the  values  obtained  using 
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Schoklitsch ' s  equation, 
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The  development  of  this  equation  into  a  form  applicable  for  the  type 
breaches  studied  herein  is  given  in  Report  1. 


Comparison  of  Maximum  Discharges  at  the  Dam 
(Nonbase -Flow  Tests) 


Test 

Maximum  Discharge,  cu  ft/ sec 

Condi Lion 

First  Test  Series 

Second  Test  Series 

Schoklitsch 

1 

6.50 

6.41 

6.72 

2 

h, 5^ 

)«  n 

-T  •  0.0. 

).  r~'~r 

j  t 

3 

2.67 

2.47 

2.12 

it 

1.70 

1.54 

1.62 

7 

3-57 

3-42 

3.70 

8 

1.42 

1-43 

1.66 

11 

2.52 

2-53 

2.52 

12 

C.56 

0.63 

0.67 

The  average  deviation  of  the  first  test  series  data  from  the  data  computed 
using  the  Schoklitsch  equation  is  about  4.7  per  cent;  the  deviation  of  the 
data  of  the  second  series  from  the  Schoklitsch  data  is  about  5-5  per  cent. 
These  variances  are  small  and  indicate  that  roughness  has  little  or  no 
effect  on  the  magnitude  of  the  peak  discharge  which  seems  to  be  almost 
entirely  a  function  of  breach  size  :md  shape. 


15 


24.  Fig.  11  is  a  plot  of 
the  maximum  discharge  at  the  dam 
as  a  function  of  breach  size  for 
the  three  breach  regimes  inves¬ 
tigated.  From  the  curves  pre¬ 
sented,  the  approximate  maximum 
discharge  can  be  determined  for 
a  variety  of  breach  patterns 
other  than  for  the  specific  pat¬ 
terns  tested.  Since  the  values 
of  Qmax  for  comparable  test 
conditions  are  essentially  equal 
for  the  two  test  series,  there 
is  very  little  difference  be¬ 
tween  this  curve  and  its  equiva- 
lent  in  the  first  report. 

25-  A  more  generally  applicable  plot,  which  relates  in  dimensionless 

form  the  maximum  discharge  at  the  dam  to  the  breach  size,  is  presented  in 

fig.  12.  The  tabulation  in  paragraph  23  presents  the  data  from  which  the 

plot  was  made.  The  curve  shown  agrees  with  the  data  presented  in  the  first 

report  and  therefore  has  the  same  empirical  equation,  namely: 

„  v  .0.28 
3/2  ^  J 


Fig.  11.  Maximum  discharge  at  the  dam  as 
a  function  of  breach  size  and  shape 
( nonbase -flow  tests) 
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Fig.  12.  Dimensionless  plot  of  the  maximum 
discharge  at  the  dam  as  a  function  of 
breach  size  (nonbase-flow  tests) 


From  this  relation,  the  value 
of  the  •  uAimura  discharge 
issuing  through  a  given  la  each 
can  be  computed  provided 

/  '!d  yo  \ 

l-°‘ 

The  accuracy  of  the  prediction 
will  improve  as  the  term 

{  rr  ‘  tt  )  approaches  1.0, 

V  b  1  / 
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since  less  experimental  scatter  was  observed  near  this  value. 

2 6.  Plates  6l  and  62  show  in  dimensionless  form  zne  relation  of  the 
discharge-time  hydrographs  noted  at  the  dam  for  each  test  series  and  the 
various  test  conditions.  The  plots  reveal  that  the  discharge  at  any  given 
time  after  breach  is  highly  dependent,  on  the  elapsed  time  after  breach  and 
the  total  volume  in  storage  that  lies  above  the  breach  level  (V  ,  =  35^-56 

•rD 

cu  ft).  In  every  case  the  curves  of  the  second  series  initially  lie  below 
those  of  tne  first  series.  Eventually,  the  curves  cross  and  the  second 
series  curves  lie  above  the  first  series  results.  Since  the  total  volume 
of  outflow  is  roughly  equivalent  in  each  test  series  fo>.  comparable  test 
conditions,  when  allowances  are  made  for  the  storage  volume  lost  due  to 
water  being  impounded  by  the  roughness  strips,  the  areas  beneath  the  curves 
for  comparable  test  conditions  are  appi  oximately  equal.  Integration  of 
these  curves  serves  as  a  check  on  the  validity  of  tne  plotted  discharge¬ 
time  hydrographs. 

27.  Ease-flow  tests.  The  discharge-time  hydrographs  at  the  dam  for 
each  test  condition  are  given  in  plate  63.  The  following  tabulation  com¬ 
pares  the  maximum  discharges  at  the  dam  for  the  various  base-flow  te; c 
conditions. 


Comparison  of  Maximum  Discharges  at  the  Dam 


(Ease-Plow  Tests) 


First  Test 

Series 

Test 

Condition 

Maximum 
Discharge* 
cu  ft/sec 

1.1(10) 

6.7 

1.1(20) 

7.8 

2.1(10) 

5-0 

2.1(?0) 

6.5 

3-1(10) 

3*^ 

Second  Test 

Series 

Test 

Condition 

Maximum 
Discharge 
cu  ft/sec 

1.2(32) 

5^4 

1.2(56) 

6.77 

2.2(32) 

4.64 

2.2(56) 

5.85 

3.2(32) 

3.27 

*  Obtained  from  plate  89,  Report  1. 
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Fig.  13  presents  a  plot  cf 
the  maximum  discharge  at  the 
dam  as  a  function  of  the 
breach  size  and  compares 
these  results  with  those  of 
the  first  test  series.  The 
curves  may  be  used  to  esti¬ 
mate  the  maximum  discharge 
that  would  result  from  a  vari¬ 
ety  of  breaches  having  the 
base  flows  indicated.  Also, 
comparison  of  the  curves  dem¬ 
onstrates  that  greater  maxi¬ 
mum  discharges  occurred  in 
the  first  test  series. 

28.  In  spite  of  the  added  roughness  to  the  flume  bottom  and  sides, 
ihe  time  interval  during  which  the  discharge  decreased  from  the  observed 
maximum  to  the  base-flow  discharge  is  not  greatly  different  from  the  time 
histories  observed  in  the  first  test  series.  The  dimensionless  plots  in 
plate  6b  show  a  greater  apparent  difference;  however,  this  difference  is 
accentuated  by  the  fact  that  the  V  ^  term  is  decreased  from  a  storage 
volume  of  bCO  cu  ft  in  the  first  test  series  to  approximately  350  cu  ft  in 
the  second  series.  Insufficient  data  exist  upon  which  to  base  a  more  elab¬ 
orate  interpretation  of  the  base-flow  results. 

Discharge-time  hydro- 
graphs,  downstream  from  dam 

2.9.  Konbase-flow  bests.  Plates  65-68  present  both  the  velocity  -time 
and  the  discharge-time  hvdrograuhs  at  the  three  downstream  stations  where 
observations  were  obtained  during  the  nonbase  -flow  tests-  !••+  gives 

the  velocity-time  data  for  these  tests. 

30.  The  maximum  discharge  attained  by  the  flood  wave  decreased  from 
its  peak  at  sta  200  to  a  lessei  value  at  sta  350  in  each  of  the  various 
tests.  The  amount  of  this  decrease  was  dependent  upon  the  breach  size;  be¬ 
tween  the  breach  section  (sta  200)  and  sta  350,  the  maximum  discharge  of 
the  full-breach  test  decreased  about  75  per  cent.  For  the  smallest  breach 
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Fig.  13.  Maximum  discharge  at  the  dam  as 
a  function  of  broach  size  (base-flow 
tests) 
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(test  condition  12.2),  the  decrease  in  maximum  discharge  over  the  same 
range  uas  approximately  30  per  cent.  by  graphically  intt grating  the 
discharge- time  hydrographs  over  the  time  range  common  to  each  test  condi¬ 
tion,  the  volume  of  flow  past  each  of  the  observed  downstream  stations  was 
obtained.  Allowing  for  the  additional  amount  of  water  between  the  dan 
the  observed  station,  these  volumes  were  compared  with  the  total  out f lot' 
tnrough  the  given  breach.  Using  this  technique  for  computing  total  flow, 
the  average  deviation  of  the  downstream  volumes  when  compared  to  the  breach 
outflow  was  5 >7  per  cent  (the  maximum  was  12.8  per  cent).  Considering  the 
scope  of  the  test  conditions,  it  is  felt  that  tfc-  relatively  small  errors 
that  accrue  justify  the  use  of  the  procedures  described  in  paragraphs 
11-13. 

31.  Base-flow  tests.  Plates  69-71  present  both  the  velocity-time 
and  discharge-time  hydrographs  at  the  three  downstream  stations  observed 
for  the  various  base-flow  tests.  Table  1J  gives  tnc  velocity-time  data 
for  these  tests. 

32.  The  velocity-time  hydrographs  for  the  downstream  stations  under 
base-flow  conditions  are  characterized  by  an  increase  in  the  velocity  *  oove 
those  common  to  the  nonbase-flow  tests.  However,  the  increase  was  of  short 
duration,  particularly  for  the  56  per  cent  (0.56-ft)  base  flows. 

Upstream  negative  wave 

33-  Nonbase-flow  tests.  The  average  arrival  time  of  the  negative 

wave  at  var1'  ^».s  stations  upstream  from  the  dam  for  all  the  nonbase-flow 

test  conditions  is  shown  in  plate  72.  The  arrival  times  associated  with 

the  first  test  series  as  well  as  the  theoretical  arrival  time  as  given  by 

o 

the  equation  t  =  -7  .6  [(l  -  0.005  X  )  -  1]  are  uciuded,  also  for 

a  u 

'■omparison.  The  development  of  this  theoretical  arrival-time  equation  1. 

IS 

given  in  paragraph  5^  of  the  first  report.  The  average  of  the  arrival 
times  from  the  second  test  series  does  not  agree  with  the  ■’■>u-cretjLCd.i 
values  as  closely  as  did  those  of  the  first  test  series.  Some  variance 

is  to  be  expected  as  the  wave  travels  into  the  sna blower  depths  where 

it  begins  to  be  affected  by  the  roughness  along  the  bottom;  however, 
the  agreement  is  close  enough  to  conclude  that  the  flume  roughness  has 
little  effect  on  the  arrival  time  of  the  negative  wave  other  than  at 
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the  very  upper  end  (shallow  reaches)  of  the  reservoir. 

34.  Base-flow  tests.  The  negative -wave  arrival  i'-imes  at  various 
upstream  stations  from  the  dam  for  the  base-flow  test  conditions  are  shown 
in  plate  73-  As  might  be  expected  intuitively,  this  plate  shows  that  the 
irregular  water  surface  caused  by  the  base  flow  through  the  reservoir,  with 
its  attendant  downstream  velocities,  has  a  pronounced  effect  on  tae  paga- 
tion  rate  of  the  negative  wave.  The  plate  also  shows  that  the  variations 

in  breach  size  have  little  effect  on  the  propagation  of  the  negative  wave 
when  the  flume  roughness  and  the  base -flow  discharge  remain  constant. 
Downstream  positive  wave  (flood  wave) 

35.  ifonbase-flow  tests,  r’xace.,  ?'!  snow  plots  of  the  flood-wave 
arrival  times  from  time  of  breach  at  three  downstream  stations.  Plate  74 
presents  the  data  obtained  from  all  th"  full  depth-partial  width  breach 
tests,  plate  75  the  full  width-partial  depth  test  results,  and  plate  76  the 
partial  width-partial  depth  test  results.  The  positive -wave  arrival  times 
for  comparable  test  conditions  from  the  first  test  series  are  also  shown  in 
each  of  these  plates.  Considering  all  the  nonbase-flow  tests  in  both  test 
series,  the  speed  of  propagation  of  the  positive  wave  varies  directly  with 
the  initial  discharge  through  the  breach  section  and  inversely  with  the 
roughness  of  the  flume.  In  every  test  condition,  the  velocity  of  the  posi¬ 
tive  wave  gradually  decreased  as  it  moved  downstream. 

36.  Base -flow  tests.  Plate  77  is  a  plot  of  the  arrival  time  of  the 
positive  wave  at  three  downstream  stations  from  the  dam  for  the  base-flow 
test  conditions.  The  downstream  propagation  speed  was  affected  directly 
by  the  initial  breach  discharges  and  the  velocity  of  the  base  flow  (which 
was  itself  affected  inversely  by  the  flume  roughness).  Similar  to  the 
nonbase-flow  uest  conditions,  the  positive-wave  velocities  of  the  base -flow 
tests  gradually  decreased  as  the  wave  progressed  downstream. 

Conclusions 


Improvements  in  test  procedure 

37.  Five  major  changes,  listed  in  paragraph  8,  were  incorporated  in 
the  methods  of  obtaining  test  data  in  the  second  series  of  tests.  All  of 
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these  changes  were  helpful  in  improving  the  efficiency  of  carrying  ouu  the 
model  jests. 

Stage-time  measurements 

38.  At  the  dam.  As  in  the  first  series  of  tests,  the  stage  at  the 

dam  for  the  full-breach  test  dropped  immediately  to  essentially  one-half 

the  prebreach  depth,  which  agrees  with  the  findings  of  St.  Venant"  a;.v. 

12 

Schoklitsch.  Plates  57  and  58  compare  the  effects  of  breach  width  and 
depth  on  the  outflow  depth  for  the  two  test  series.  Eoth  of  these  plates 
show  that  the  larger  the  breach  size,  the  greater  is  the  effect  of  flume 
roughness  on  the  maximum  stage  observed  at  the  dam. 

39*  The  influence  of  the  base  il-ws  on  the  stage-time  histories  at 
the  dam  was  not  significant,  since  the  stage  immediately  after  the  breach 
was  about  the  same  as  in  the  nonbase-fiow  tests.  At  later  times,  however, 
the  stages  at  the  dam  were,  as  might  be  expected,  greater  than  those  in 
the  nrnbase-flow  tests. 

to.  Downstream  from  the  dam.  The  maximum  observed  depth  at  the 
recording  station  farthest  downstream  from  the  dam  was  considerably  greater 
in  the  second  test  series  than  in  the  first  for  comparable  test  conditions. 
This  increase  in  depth  varied  from  60  per  cent  when  the  entire  dam  was  re¬ 
moved  to  as  much  as  150  per  cent  for  the  smaller  breach  conditions. 

41.  Prom  these  results  cr.e  may  conclude  that  when  an  entire  dam  is 
removed  instantaneously,  the  maximum  depth  likely  to  be  encountered  at 
large  distances  downstream  from  the  dam  (X^  >  350)  will  be  about  Y0/2  for 
rough  channels  and  about  Y0/4  for  smooth  channels.  These  observations 
apply  only  to  those  cases  wherein  the  channel  slope  approximates  0.005 

and  where  the  channel  is  relatively  straight  and  of  .niform  v._dth. 

42.  The  base-fiev  tests  revealed  a  substantial  increase  in  the 

maximum  stage  as  compared  to  Irtose  in  the  first  test  series .  At  sta  j  ».<, 
maximum  stages  two  to  tnree  vimes  as  great  were  observed  (sc-..  . j. .  10;. 

At  later  times  in  the  hydrograph,  this  same  trend  is  apparent.  The 
greater  depths  of  flow  are  attributed  to  the  substantial  increase  in 
roughness,  the  effect  of  which  becomes  increasingly  pronounced  as  the 
stage  decreases. 

Discharge-time  measurements 


43.  At  the  dam.  Results  of  the-  second  test  series  show  that 
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roughness  had  little  or  no  effect  on  the  maximum  discharge  at  the  dam, 
which  seems  to  he  entirely  a.  functtcn  of  the  breach  si  -e  and  shape.  Hence, 
the  empirical  equation 


Snax 


0.29  '/g  wb 


lo'N 


0.28 


developed  in  the  first  test  series  is  equally  applicable  to  the  second 
series.  The  decay  of  discharge  with  time  for  nonbase-flow  conditions  is 
obtainable  from  plates  6l  and  62.  Similarly,  the  variation  of  discharge 
with  time  for  the  base-flow  tests  as y  be  obtained  from  plate  64. 

44.  Downstream  from  the  dam.  In  all  of  the  nonbase-flow  tests  of 
the  second  test  series,  the  maximum  discharge  decreased  in  magnitude  with 
increasing  distance  downstream  from  the  dam.  This  trend,  though  not  con¬ 
clusive,  was  implied  in  the  base-flow  tests  also  In  each  case,  the  amount 
of  the  decrease  was  do;  cr.dcrt  on  the  breach  si  se . 

Propagation  of  the  negative  wave 

45.  A  comparison  of  the  negative-wave  arrival  times  for  all  of  the 
nonbase-flow  test  cond^ lions  of  the  first  and  second  test  series  indicates 
that  the  negative-wa/e  propagation  speed  is  independent  of  breach  size  or 
reservoir  roughness  except  near  the  upper  end  of  the  reservoir.  A  similar 
compai Isou  of  the  base-flow  test  xesults  indicates  that  the  negative-wave 
propagation  speed  is  definitely  reduced  by  the  base-flow  velocity  through 
the  reservoir. 

Propagation  of  the  downstream  flood  wave 

46.  Considering  all  the  test  conditions  of  both  series  of  tests,  no 
average  propagation  speed  could  be  deduced  for  the  os  Hive  wave  because 
the  wave  velocity  varied  directly  with  the  initial  discharge  through  the 
breach  section  and  inversely  witn  the  flume  roughness.  For  “very  cer.'r.  con¬ 
dition  the  front  velocity  of  the  flood  wave  gradually  dec  re..1'  .  a;  fcne 
wave  progressed  downstream. 


Applications  to  Prototype  Situations 


47.  Extrapolation  of  these  results  to  prototype  situations  is 
limited  to  those  cases  that  are  geometrically  similar  to  the  conditions 


tested  in  the  model..  Significant  departure  irom  this  limitation  may  yield 
completely  erroneous  results  It  is  believed,  however,  that  tnese  results 
may  be  applied  to  prototype  situa~,i...t>  where  the  scale  ratio  (prototype  to 
model)  is  less  than  or  equal  to  100.  Qualitative  estimates  of  flood  param¬ 
eters  can  be  computed  for  scale  ratios  as  high  as  perhaps  200.  Procedures 
for  extrapolating  these  results  (as  well  as  those  contained  in  the  fi*. 
test  series)  will  be  the  subject  of  a  final  report.  In  the  final  report, 
studies  will  be  made  to  assess  the  possibility  of  interpreting  these  data 
using  distorted  scaling  procedures.  With  this  tool,  it  will  then  be  pos¬ 
sible  to  evaluate  floodflows  from  reservoirs  of  different  shapes  and  out¬ 
flow  channels  of  different  slopes 

Recommendation 


k8.  Curing  the  course  of  this  study,  "Floods  Resulting  from  Suddenly 
Breached  Cams,"  several  conferences  were  held  between  Waterways  Experiment 
Station  personnel  and  outside  consultants  to  evaluate  the  progress  being 
made  and  to  formulate  plans  for  a  logical  course  of  action  in  the  future. 

At  this  point  it  is  not  known  conclusively, whether  additional  tests  are 
necessary  to  the  analysis  of  the  empirical  data  along  the  lines  suggested 
by  analytical  and  theoretical  studies  that  have  been  conducted  or  con¬ 
tracted  for  by  the  Army  Map  Service,  the  agency  assigned  the  responsibility 
of  developing  means  of  evaluating  quantitatively  floods  that  are  released 
by  the  sudden  breaching  of  any  given  dam.  It  is  recommended  that  the  re¬ 
sults  obtained  during  the  first  two  test  series  be  rigorously  analysed  and 
compared  with  theoretical  solutions  of  tne  dam-breach  problem,  and  that 
recommendations  for  additional  tests,  if  needed,  come  from  the  study  being 
made  by  Army  Map  Service. 
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Results  of  Stage-Time  Measurements,  Test  Condition  1.2 
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0.32 
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0.75 
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0.78 
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0.75 

C.  V- 

C 

0.36 

o.Tf 
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3 
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280 

0 

0.78 
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5 
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O.78 

7 

I.90 

O.78 

10 

1.95 

0.73 

12 

1.85 
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15 

1.70 

0.81 

17 

1.65 

1.15 

20 

1.60 

l.4o 

22 

— 

1.45 

25 

1.45 

1.50 

27 

— 

1.50 

30 

1.35 

1.50 

32 

— 

— 

35 

I.30 

1.  '‘0 

37 

— 

— 

40 

1.20 

1-35 

42 

_ 

4? 

1.15 

1-35 

47 

— — 

50 

1.15 
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55 

— — 

60 

1.05 

1-25 

70 
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1.25 

80 

1.00 
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90 

0.96 

1.10 
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0.93 
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0.88 
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0.97 
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0.94 
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0.90 
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0.81 
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0.79 

0.87 
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0.81 
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0.79 
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— 
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0.78 

O.78 
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I.37  0.78  0.78  0.78 

0.78 
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0.81  0.85 
0.79  0.82 


*  Velocity  in  feet  per  second. 
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Copies 

P  r  Force  (Continued) 

Commander,  Air  Material  Command,  -ght-Patterson  AFB.  Ohio  2 

Commander,  Air  Research  and  Development  Command,  Andrews  APB,  1 

Washington  25,  D.  C.  ATTN:  RDDN 

Director,  Air  University  Library,  Maxwell  AFB,  Ala.  2 

Commander,  Wright  Air  Development  Center,  Wright -Patterson  AFB,  1 

Ohio  ATTN:  WCOSI 

Commander,  AF  Cambridge  Research  Center,  L.  G.  Hanscom  Field,  1 

Bedford,  Mass.  ATTN:  CRQST-2 

Commander,  AF  Special  Weapons  Center,  Kirtland  APB,  M.  Mex.  1 

ATTN:  Library 


Commandant,  USAF  Institute  of  Technology,  Wright-Pat tersori  AFB,  1 

Ohio  ATTN:  Resident  College 

Commander,  Western  Development  Division,  P.  0.  Box  262,  1 

Inglewood,  Calif. 

The  RAND  Corporation,  1700  Main  Street,  Santa  Monica,  Calif.  1 

(For  Nuclear  Energy  Division) 

Assistant  Chief  of  Staff,  Civil  Engineering,  Headquarters,  USAF,  1 

Washington  25,  D.  C.  ATTN:  APOCE-E 

Civil  Engineering  Center,  Headquarters,  AFIT,  Wright-Patterson  AFB,  1 
Ohio 

Other  POD  Agencies 

Assistant  Secretary  of  Defense  (Research  and  Development),  1 

Washington  25,  D.  C.  ATTN:  Tech  Library 

U.  S.  Documents  Officer,  Office  of  the  United  States  National  1 

Military  Representative,  SHAPE,  AFO  55,  New  York,  N.  Y. 

Director,  Weapons  Systems  Evaluation  Group,  OSD,  Washington  25,  D.  C.  1 

Commandant,  Armed  Forces  Staff  College,  Norfolk  11,  Va.  1 

ATTN:  Secretary 

Commander,  Field  Command,  DASA,  P.  0.  Box  5100,  Albuquerque,  N.  Mex.  ? 

Commander,  Field  Command,  DASA,  J\  0.  Box  5100,  Albuquerque,  N.  Max-  2 

ATTN:  Training  Division 

Chief,  Defense  Atomic  Support  Agency,  Waah:ngton  25,  D.  C.  15 

ASTIA,  Document  Service  Center,  Arlington  Hall  Station,  10 

Arlington  12.  v'a.  ATTN:  TIPDR 
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Others 


Los  Alamos  Scientific  Laboratory,  I-  0.  Box  1663,  Los  'ilamos,  1 

N.  Mex.  ATTN:  Report  Librarian  (For  Dr.  Alvin  C.  Graves, 

J-Di vision) 

National  Advisory  Committee  for  Aeronautics,  1512  H  Street,  NW,  1 

Washington  25,  D.  C.  ATTN:  Mr.  Eugene  B.  Jackson,  Chief, 

Div  of  Research  Information 

Assistant  Director  of  Research,  Langley  Aeronautical  Lab.,  1 

National  Advisory  Committee  for  Aeronautics,  Langley  Field,  Va. 

ATTN:  Mr.  John  Stack 

Chief,  Classified  'Technical  Library,  Technical  Information  Service,  1 
U.  S.  Atomic  Energy  Commission,  1Q01  Constitution  Avenue,  MV 
Washington  25,  D.  C. 

ATTN:  Mrs.  Jean  O'Leary  (For  Dr.  Paul  C.  Fine) 

Chief,  Classified  Technical  Library,  Technical  Information  Service,  1 
U.  S.  Atomic  Energy  Commission,  1901  Constitution  Avenue,  NW, 

Washington  25,  D.  C.  ATTN:  Firs.  Jean  M.  O'Leary 

Forestal  Research  Center  Library,  Aeronautical  Sciences  Building,  1 

Princeton  University,  Princeton,  N.  J. 

ATTN:  Maurice  H.  Smith,  Librarian  (For  Dr.  Walker  Ble&kney) 

Manager,  Albuquerque  Operations  Office,  U.  S.  Atonic  Energy  1 

Commission,  P.  0.  Box  5^00,  Albuquerque,  N.  Mex. 

Forest  Service,  U.  S.  Department  of  Agriculture,  Washington  25,  1 

D.  C.  ATTN:  Mr.  A.  A.  Brown,  Chief,  Division  of  Forest  Fire 
Research 

Rensselaer  Polytechnic  Institute,  Mason  House,  Troy,  N.  Y.  1 

ATTN:  Security  Officer  (For  Dr.  Clayton  Oliver  Dohrenwend) 

Massachusetts  Institute  of  Technology,  Director,  Division  of  1 

Defense  Laboratories,  Lincoln  Laboratory,  Cambridge  19,  Mass. 

(For  Dr.  Robert  J.  Hansen) 

The  University  of  Michigan,  University  Research  Office,  Lobby  1,  1 

East  Engineering  Building,  Ann  Arbor,  Mich.  (For  Dr  B.  John- ton) 


Sandia  Corporation,  Sandia  Ease,  Albuquerque,  N.  Mex. 

ATTN:  Classified  Document  Division  (for  Dr.  Walter  A.  MacNair) 


Superintendent,  Eastern  Experiment  Station,  U.  S.  Bureau  of  Mine".,  1 

College  Park,  Md.  ATTN:  Dr.  Leonard  Cb^rt 

The  University  of  Illinois,  Civil  Engineering,  Room  207  Talbot  Lab,  1 
Urbana,  Ill.  (For  Dr.  N.  M.  Newmark) 
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C there  (Continued) 

Massachusetts  Institute  of  Technology;  Dept,  of  Civil  and  Sanitary- 


Engineering,  Cambridge  39;  Mass.  ATTN:  Dr.  C.  H.  Norris  1 

Dr.  R.  V.  Whitman  1 

Dr.  J.  B.  Wilbur  1 

Amherst  College,  Dept,  of  Physics,  Amherst,  Mass.  1 

ATTN:  Dr.  A.  B.  Arons 

Stanford  Research  Institute,  Menlo  Park,  Calif.  1 

ATTN:  Dr.  K.  B.  Vaile 
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